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Unlike Le Quéré et al. (Reports, 22 June 2007, p. 1735), we do not find a saturating Southern Ocean carbon sink due to recent climate change. In our ocean model, observed wind forcing causes reduced carbon uptake, but heat and freshwater flux forcing cause increased uptake. Our inversions of atmospheric carbon dioxide show that the Southern Ocean sink trend is dependent on network choice. L e Quéré et al. (1) reported that the Southern Ocean sink of CO 2 has weakened since 1981 despite the increase in atmospheric CO 2 levels. To further test their assessment, we estimated the carbon flux from the Southern Ocean using a Bayesian synthesis inversion method (2, 3) . The inversion gives very similar results to (1) for the trend and interannual variability (IAV) in the Southern Ocean CO 2 sink provided that the same network of atmospheric CO 2 data is used. However, we also found that the estimated trend is dependent on the network choice.
Our control inversion used nine data records (4, 5) from five locations (6) [a smaller network than (1)], and we compared this with inversions that added Amsterdam Island (AMS) and Ascension Island (ASC) data used in (1) . Inversions of synthetic data (7) indicated that any of these cases should give estimates of Southern Ocean CO 2 flux IAV and trend that are consistent with the fluxes used to generate the synthetic data. Figure 1 shows the three estimates of the annual mean Southern Ocean carbon flux and the annual mean uncertainty for the control case. The interannual variations are similar between cases, but the trend in sink between 1981 and 2004 [the period used in (1)] is not. The control case gives an increasing CO 2 sink with a trend of -0.092 ± 0.084 petagrams of carbon (Pg C) year −1 decade −1 (8). Adding the AMS data to the inversion weakens the negative trend (-0.012 ± 0.081 Pg C year
), whereas adding both AMS and ASC data gives a positive trend (0.049 ± 0.076 Pg C year
) similar to (1). The control inversion trend is consistent with that produced by an ocean carbon model (9) run with constant 1948 wind, heat flux, and freshwater flux forcing but with increasing atmospheric CO 2 (Fig. 1 ). This produces a trend for the period 1981 to 2002 of -0.088 ± 0.003 Pg C year
. Hence, our control inversion does not produce a trend that is significantly different from that expected due to increasing atmospheric CO 2 . Our inversion case closest to (1) (with AMS and ASC) is significantly different from the ocean model trend at the 95% level. The significance is less than in (1) because we included the flux uncertainty from the inversion in the calculation of the trend standard deviation. The inversion flux uncertainty ( Fig. 1) is determined primarily from the data uncertainty used in the inversion [0.3 to 0.5 parts per million (ppm)] (10), which encompasses the ability to model CO 2 at the sites and measurement error (estimated to be 0.2 to 0.4 ppm based on differences between colocated CO 2 records at the South Pole and Samoa). ), but not significantly different from that seen in the constant forcing ocean run and in the control inversion. In the variable forcing case, we find compensating trends from the wind forcing and from the flux forcing; variable wind forcing gives the saturating Southern Ocean sink found by (1) in their ocean model simulation. In contrast to the findings of Le Quéré et al. (1) , variable flux forcing increases CO 2 uptake in the Southern Ocean. Our fluxes (12) differ from (1), but it is difficult at present to determine which flux fields are more reliable. Clearly, the ocean model simulations are highly sensitive to the choice of flux fields and how they are used in the model.
The ocean model results suggest that the control inversion trend may be more realistic than the trend from the inversions including AMS and ASC. This is supported by inspection of the CO 2 records for ASC (13) ). Unless we can be confident that the changes in CO 2 at AMS and ASC relative to SPO are driven by changes in surface fluxes rather than measurement or sampling errors, we cannot estimate a robust trend in the Southern Ocean sink.
Both our inversion of atmospheric CO 2 and our ocean model indicate that the Southern Ocean trend found by (1) is not robust and that there is insufficient evidence to conclude that the Southern Ocean sink of CO 2 has saturated as a result of recent climate change. The inversion of atmospheric CO 2 remains a vital method for monitoring the response of the natural sources and sinks Fig. 1 . Annual mean Southern Ocean CO 2 flux from inversions using the control network (black), adding AMS (solid blue), and adding AMS and ASC (dotted blue) and from an ocean model forced with observed winds and fluxes (solid red) and constant wind and fluxes (dotted red). The shaded region shows the ±1 SD uncertainty on the fluxes for the control inversion. The long-term mean flux cannot be reliably estimated from the inversions (7), so the mean offset between the ocean model with variable forcing and inversion fluxes is not considered significant.
of CO 2 to anthropogenic emissions and climate change, but the ability to detect long-term trends requires careful use of the atmospheric measurements and greater resources to provide a denser network in space and time. Our ocean model simulations show that changes in heat fluxes, freshwater fluxes, and winds all substantially affect the trend in Southern Ocean CO 2 uptake, and how these fields are used in the ocean model is important. Obtaining consistent interannual variations in ocean fluxes from the ocean model and atmospheric inversions would increase confidence that model processes are well represented. averaged to give monthly means. Gap-filled values were used, but the data uncertainty was increased by up to a factor of five when this occurred. 7. The inversion set-up was tested using a synthetic data test for 1971 to 1999 in which interannually varying CO 2 fluxes were input into an atmospheric model to create CO 2 concentration time series. The fluxes were retrieved using an inversion performed with a different atmospheric model. The forward simulation included interannually varying meteorology, whereas the inversion did not. We found that the control inversion was unable to retrieve the long-term mean flux but was successful in retrieving the interannual variations (with a slight underestimate in variability) and sink trend (-0.063 Pg C year , respectively). 8. The standard deviation of the trend incorporates two components that we consider to be independent:
interannual variability in the estimated annual mean sources and the uncertainty estimated by the inversion for each of those annual means. The variance of the trend is the sum of the variance of the annual mean sources around the trend line and the variance from the inversion estimate divided by the sum of the squared deviations of the years from the mean year (1993 TECHNICAL COMMENT
